TITLE OF THE INVENTION 
HOLLOW RACK SHAFT 

[0001] This application is based on applications No. 
2000-269725, No. 2000-269915 and No. 2000-236982 field in 
Japan, the contents of which are hereby incorporated by- 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a hollow rack shaft, 
particularly relates to a hollow rack shaft used for a steering 
system of an automobile. 

2. Description of the Related Arts 

[0003] A hollow rack shaft used for a steering system of 
an automobile and its manufacturing method are disclosed in 
Japanese Laid-open Patents No. Hei 11-180318 and No. Hei 
11-278287 and others . In any manuf ac tur ing method , rack tee th 
are formed at the bottom of a U - shaped plate bent in a gutter - like 
shape, and afterward, the plate is formed cylindrically by 
butting two open legs of the U shape. The butt portion of 
the cylinder is normally welded to acquire higher strength 
except a case that there is no problem on the strength and 



this cylinder is used as a hollow rack shaft. 
[0004] Figs, la and lb are a top view and a sectional view 
showing a workpiece for manufacturing the above shaft. Figs. 
2a to 6c show the forming process from the material to the 
hollow rack shaft in this manufacturing method. These 
drawings accompanied by a, b and c are respectively equivalent 
to a front view of the rack shaf t ( the workpiece ) , a D - D sectional 
view of the part in which rack teeth are formed, and an E-E 
sectional view of the part in which no rack tooth is formed. 
[0005] The workpiece of a substantially rectangular plate 
shown in Figs, la and lb, is bent into a gutter-like shape 
having a U-shaped part with a flat bottom in an area Al, and 
having a U-shaped part with a semicircular bottom in an area 
A2 on both sides of Al as shown in Figs. 2a to 2c. After a 
row of rack teeth is formed at the flat bottom of the 
gu tter - shaped workpiece as shown in Figs. 3a to 3c, the ends 
of two open legs of the gutter- shaped workpiece are bent inside 
so that they are joined as shown in Figs . 4a to 4c . The section 
of the part in the area A2 becomes circular by this bending. 
In most of cases, after the ends of these legs are mutually 
welded at butt portion as shown in Fig. 5a to 5c, the workpiece 
becomes a hollow rack shaft shown in Figs. 6a to 6c after 
finishing process. 

[0006] Generally, welding has the cooling contraction 



problem which caused by the solidification and the contraction 
of melted and expanded material at cooling. Internal stress 
is caused by the contraction through cooling of welded part, 
and distortion is also caused in the whole workpiece. 
[0007] Fig. 7 exaggera t ingly shows the hollow rack shaft 
deformed in whole by the contraction through cooling of the 
welded part 5. As the butt-welded part 5 is located on the 
reverse side to the rack teeth, the warp that the contracted 
welded part (a weld bead) 5 is on the inside and the row of 
rack teeth is on the outside is caused. 

[0008] At this time, as the row of rack teeth is also 
influenced by the deformation, the rack teeth are out of the 
standard of teeth profile and cannot be substantially used 
for a rack shaft as they are. That is, as the rack shaft also 
warps in the area Al having the rack teeth and the precision 
of the teeth profile is deteriorated by this effect, the rack 
shaft cannot be normally engaged with a pinion. 
[0009] Such deviation in the precision of the teeth profile 
of the rack can be rectified by finishing through grinding 
in another process. However , as themerit that plastic working 
has excellent productivity is lost, it is not a good policy 
to insert grinding process in order to rectify the teeth profile 
in the manufacturing process on the hollow rack shaft. 
Further, as welding requires the process to remove the weld 



bead, the number of processes and the cost for manufacturing 
the hollow rack shaft are increased. 

[0010] Further, as the rack teeth are designed as thin as 
possible in consideration of the lightening, it cannot be 
allowed in view of the strength that the teeth are further 
ground by grinding. 

[0011] The hollow rack shaft has further another problem. 
As a pinion coupled to a steering shaft is engaged with the 
rack teeth and steering force is transmitted from the pinion, 
large bending stress acts upon the dedendum of the rack teeth 
and high contact pressure acts upon the contact part of the 
surface of the rack teeth. To endure the large bending stress 
and the high contact pressure, the rack teeth are generally- 
hardened up to approximately the hardness Hrc 60 by carburizing 
quenching or induction hardening. In the meantime, such high 
contact pressure and large bending stress do not act upon the 
part in which no rack teeth are formed. 

[0012] Nevertheless, a workpiece of one thick plate made 
of high-priced material is used to suit to the largest load 
as a whole, and further, the rack shaft which is made in this 
method has the same diameter of the area Al that the row of 
rack teeth is formed as that of the areas A2 on both sides 
of the area Al . As described above, in prior art, superfluous 
quality is given to the area A2 which receives only small load 



in view of the material and the dimension, and therefore, the 
manufactured hollow rack shaft does not achieve enough 
lightening and it is high-priced. 

SUMMARY OF THE INVENTION 

[0013] The invention provides a hollow rack shaft and its 
manufacturing method wherein a process for a butt weld is not 
required, therefore, the process of weld beads and the 
rectification of the welding warp are not required and in 
■ % g addition, the strength is the same as what is welded. 

SB [0014] Further, the invention has the object of acquiring 

s. » 

I a low-priced and light hollow rack shaft., particularly a hollow 

l n rack shaft for a steering system and manufacturing it easily. 

fees' 

n fei 

r y Furthermore, the invention has an object of using an enough 

ssa. 

7 I 

thick and high quality plate in order to apply enough strength 

i a 

to rack teeth, using a thin plate made of low-priced material 
for part having no rack teeth, acquiring a light and low-cost 
hollow rack shaft and hereby further, acquiring the useful 
hollow rack shaft having suitable quality and the balance of 
the strength as a whole. 

[0015] A workpiece for the hollow rack shaft disclosed in 
this specification is- a substantially rectangular plate . The 
opposite two sides of this workpiece have complementary 
profiles each of which is composed of the continuation of a 
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convex portion and a concave portion. When the workpiece is 
formed cyl indr ical ly , the profiles are mutually engaged. As 
the size of the widest part of the convex portion is wider 
than that of the narrowest part of the concave portion, the 
above-mentioned two sides are prevented from being detached 
after engagement. Further, the opposite convex portion and 
concave portion are mutually caulked, and hereby, respective 



gap is filled up. 

p [0016] A workpiece for another hollow rack shaft disclosed 

• % Q in this specification is one plate acquired by welding a first 

C8 plate for a rack teeth area for a row of rack teeth to be formed 

\ A 9 and a second plate for the other area. For the first plate, 

« w a plate thicker than the second plate and/or a plate made of 

i-g more satisfactory material in hardenabi 1 i ty are/is used. 

Q 

f4 [0017] Further another hollow rack shaft disclosed in this 

M 

specification is provided with a first area and a second area 
on both sides of it. In the first area, a row of rack teeth 
and a semi - cyl indrical part on the reverse side are formed, 
the second area is fully cylindrical and on at least one side 
of the second area, a part different from the semi - cylindrical 
part in the first area and having a particularly small diameter 
is formed. 

[0018] Other objects and advantages besides those discussed 
above shall be apparent to those skilled in the art from the 
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description of a preferred embodiment of the invention which 
follows. In the description, reference is made to 
accompanying drawings, which form a part thereof, and which 
illustrate an example of the invention. Such example, 
however, is not exhaustive of various embodiments of the 
invention, and therefore reference is made to the claims which 
follow the description for determining the scope of the 
invention . 

ra 

>R BRIEF DESCRIPTION OF THE DRAWINGS 

I* 

CQ [0019] The accompanying drawings, which are incorporated 

M 8 in and constitute a part of the specification, illustrate 

embodiments of the invention and together with the description, 

serve to explain the principles of the invention. 

C3 

t «* [0020] Figs, la and lb are a top view and a sectional view 

showing a workpiece for manufacturing a hollow rack shaft; 

Figs. 2a to 6c are explanatory drawings for explaining 
the process that the hollow rack shaft is manufactured based 
upon the workpiece. These drawings accompanied by a, b and 
c are respectively equivalent to a front view of the rack shaft 
(the workpiece), a sectional view on line D-D of the part in 
which rack teeth are formed, and a sectional view on line E-E 
of the part in which the rack teeth are not formed; 

Fig . 7 exaggeratedly shows the hollow rack shaft deformed 
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in whole by the contraction through cooling of welded parts; 

Figs. 8a to 8c are respectively a top view showing a 
workpiece used in a first embodiment, a side view showing the 
workpiece and an enlarged view of a part c in Fig. 8a; 

Figs. 9a to 9c show the shape of a plate 1 after a first 
process in the first embodiment, and are respectively a front 
sectional view, a sectional view on line B-B in Fig. 9a and 
a sectional view on line C-C in Fig. 9a; 

Figs. 10a and 10b show the shape of a workpiece 1 after 
a second process in the second embodiment, and are respectively 
a front sectional view showing the workpiece 1 after rack teeth 
are formed and a sectional view on line B-B in Fig. 10a; 

Figs. 11a to lid show the shape of the workpiece 1 after 
the thirdprocess in the first embodiment, and are respectively 
a front sectional view, a bottom view, a sectional view on 
line C-C and a sectional view on line D-D in Fig. 11a; 

Figs. 12a to 12c are respectively an enlarged view of 
the vicinity of a connection A after caulking in the first 
embodiment, a sectional view on line B-B in Fig. 12a and a 
sectional view on line C-C in Fig. 12a; 

Figs. 13a and 13b show another example of caulking in 
the first embodiment, and are respectively an enlarged top 
view showing a convex portion and a sectional view on line 
B-B; 



Figs. 14a and 14b are respectively a top view and a front 
view showing a workpiece used in the second embodiment; 

Figs. 15a to 15d are respectively a front sectional view 
showing the workpiece 1 after the first process in the second 
embodiment, a sectional view on line B-B, a sectional view 
on line C-C and a sectional view on line D-D; 

Figs. 16a and 16b are respectively a front sectional 
view showing the workpiece 1 after the second process in the 
second embodiment and a sectional view on line B-B; 

Figs. 17a to 17d are respectively a front sectional view 
showing the workpiece 1 after a third process in the second 
embodiment, a sectional view on line B-B, a sectional view 
on line C-C and a sectional view on line D-D; 

Figs. 18aandl8b show a different example of the workpiece 
1 in the second embodiment, and are respectively a top view 
and a side view showing the workpiece 1; 

Figs. 19a and 19b are respectively a top view and a side 
view showing a workpiece 1 used in a third embodiment; 

Figs. 20a to 20d are respectively a front sectional view 
showing the workpiece 1 after a first process in the third 
embodiment, a sectional view on line B-B, a sectional view 
on line C-C and a sectional view on line D-D; 

Figs. 21a and 21b are respectively a front sectional 
view showing the workpiece 1 after a second process in the 



third embodiment and a sectional view on line B-B; and 

Figs. 22a to 22d are respectively a front sectional view 
showing the workpiece 1 formed in the shape of a hollow cylinder 
in the third embodiment, a sectional view on line B-B, a 
sectional view on line C-C and a sectional view on line D-D. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

[0021] Figs. 8a to 8c are respectively a top view and a 
side view showing a workpiece used in this embodiment, and 
an enlarged view of a part c in Fig. 8a. A workpiece 1 is, 
as a whole, a substantially rectangular plate acquired by 
blanking or laser cutting from coiled metal. The opposite 
two sides have complementary profiles composed of the 
continuation of a convex portion and a concave portion. As 
the phase of a convex portion and a concave portion is offset 
by a half of pitch p, the two sides can be mutually engaged 
in the relation of a male and a female. The two engaged sides 
of the workpiece 1 are not detached because the maximum width 
wl of a convex portion and a concave portion is larger than 
the width w2 of the neck of the convex portion and the concave 
portion . 

[0022] This workpiece 1 has an area Al in which a row of 
rack teeth is to be formed, an area A2 in which no row of rack 
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teeth is formed and four transition areas X between these two 
areas (respectively when viewed along the length of the plate) 
as shown in Fig. 8a. In the transition area X between the 
area A2 and the area Al, the width of the workpiece 1 is made 
narrow by dl on one side by degrees. As described above, when 
the workpiece 1 is completed as a rack shaft, the volume of 
the workpiece in each area is balanced by adjusting the width 
of the workpiece 1 in the area Al and the area A2 . 
[0023] Figs. 9a to 9c show the contour of the plate 1 after 
the first process and are respectively a front sectional view, 
CO a sectional view on line B-B in Fig. 9a and a sectional view 
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on line C-C in Fig. 9a. 

[0024] In the first process, the workpiece 1 is bent into 
a gutter- like shape by press. The area Al in which the row 
of rack teeth would be formed has a U-shaped section having 
a flat bottom lc and a pair of legs le respectively shown in 
Fig. 9c, and the area A2 in which no row of rack teeth is formed 
has a U-shaped section having a pair of legs le and a round 
bottom lb respectively shown in Fig. 9b. - 

[0025] In the second process, rack teeth are formed at the 
flat bottom of the workpiece 1 by press. Figs. 10a and 10b 
show the shape of the workpiece 1 after the second process 
and are respectively a front sectional view showing the 
workpiece 1 after rack teeth are formed and a sectional view 
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on line B-B in Fig. 10a. 

[0026] The row of rack teeth Id is formed by approaching 
the upper die having teeth equivalent to the row of rack teeth 
to the lower die having a corrugated shape corresponding to 
the rack teeth of the upper die under the state that the workpiece 
1 is placed between these dies. Then, the shape of the two 
dies is transferred on the flat bottom of the workpiece 1. 
[0027] In the third process, the workpiece 1 is formed 
cylindrically by bending the two legs le inside. Figs. 11a 
to lid show the shape of the workpiece 1 after the third process 
and are respectively a front sectional view, a bottom view, 
a sectional view on line C-C in Fig. 11a and a sectional view 
on line D-D. Two legs le shown in Figs. 10a and 10b are bent 
inside so that a concave portion and a convex portion are 
mutually engaged. As the legs le are mutually combined by 
the engagement of the concave portion and the convex portion, 
the butt welding as conventional is not required and even if 
a load is applied to the rack shaft, the legs le are not detached. 
[0028] The two legs le engage more stiffly by caulking the 
vicinity of a connection A as the concave portion touches the 
convex portion which is engaged with it without clearance, 
and consequently, there is no gap. 

[0029] Figs. 12a to 12c are respectively an enlarged view 
of the vicinity of the connection A which was caulked, a 
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sectional view on line B-B in Fig. 12a and a sectional view 
on line C-C in Fig. 12a. In the vicinity of a boundary between 
opposite convex portions, a substantially conical indent p 
is made. A part q of the material of one convex portion is 
deformed by impressing as the part covers the other convex 
portion . Thi s deformation prevents the gap between the convex 
portion and the concave portion, and that the convex portion 
falls off in a direction shown by arrow. 

[0030] Figs. 13a and 13b show another example of caulking 
and are respectively an enlarged top view of a convex portion 
and a sectional view on line B-B. In this example, the gap 
and the falling off of the convex portions are prevented by 
making an impression p in the shape of a distorted triangular 
pyramid across a boundary and causing deformation q on the 
boundary . 

[0031] Caulking described in the above-mentioned examples 
is arbitrary and the above-mentioned convex portion 
(therefore, the concave portion) is not limited to the one 
shown in the drawings and if only a convex portion and a concave 
portion can be engaged, they may have an arbitrary shape. 
[0032] Afterward, carburizing quenching or induction 
hardening is applied to the row of rackteeth togive the required 
strength of the surface of teeth and both ends are finished 
as shown in Fig. 6a to be a product. In a halfway process, 
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the bend of the rack shaft can be suitably rectified if 
necessary . 

Second Embodiment 

[0033] Figs. 14a and 14b are respectively a top view and 
a front view showing a workpiece used in a second embodiment. 
The plate workpiece 1 used in the second embodiment is one 
substantially rectangular plate as a whole acquired by welding 
the two plate workpieces 11 and 12 which are different in the 
material and/or the thickness at a weld R. For the workpiece 
11, the material that enables carburizing quenching such as 
Scr and SCM or carbon steel suitable for induction hardening 
can be used and the workpiece 11 is made thicker than the 
workpiece 12 so that a row of rack teeth to be formed has enough 
strength . 

[0034] As the weld R is hardened by the heat of a weld, 
it is annealed to get rid of bad effect upon later forming. 
The workpiece 1 has an area Al in which the row of rack teeth 
is formed, an area A2 in which no row of rack teeth is formed 
and a transition area X in which transition by dl from the 
area Al to the area A2 as in the first embodiment. 

[0035] Figs. 15a to 15d are respectively a front sectional 
view showing the workpiece 1 after the first process, a 
sectional view on line B-B, a sectional view on line C-C and 
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a sectional view on line D-D. In the first process, the 
workpiece 1 is bent into a gutter-like shape having a U-shaped 
section as a whole. As in the first embodiment, any section 
has a pair of legs le, the area Al has the section of a flat 
bottom lc and the area A2 has the section of a round bottom 
lb . 

[0036] Figs. 16a and 16b are respectively a front sectional 
view showing the workpiece 1 after the second process and a 
sectional view on line B-B. In the second process, as in the 
first embodiment, a row of rack teeth Id is formed at the flat 
bottom lc of the workpiece 1. 

[0037] Figs. 17a to 17d are respectively a front sectional 
view showing the workpiece 1 after the third process, a 
sectional view on line B-B, a sectional view on line C-C and 
a sectional view on line D-D. In the third process, the ends 
of two legs le arebent inside as they are joined. The workpiece 
1 is butted cyl indr ical ly . In the case that strength is 
required for the rack shaft, the ends are welded in butt parts 
P and Q . 

[0038] Afterward, the workpiece 1 substantially having the 
shape of the rack shaft is finished by machining, the 
carburizing quenching of the row of rack teeth and the other 
location and finishing through grinding and is shipped as a 
hollow rack shaft. 
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[0039] Figs. 18a and 18b show a different example of the 
workpiece 1 in the second embodiment and are respectively a 
top view and a side view respectively showing the workpiece 

r 

1. The workpiece 1 is acquired by fitting material 21 for 
forming a row of rack teeth in a hole of material 22 and welding 
them. As in the above-mentioned examples, for the material 
21, the material that enables carburizing quenching such as 
Scr and SCM or carbon steel suitable for induction hardening 
can be used and the material 21 is thickened, compared with 
the material 22 so that the row of rack teeth to be formed 
later has enough strength. In this example , only the workpiece 
1 is different, and the first to third processes are 
substantially similar to those in the above-mentioned 
examples . 

[0040] In the second embodiment, as high-priced and high 
quality as excellent in hardenabi 1 i ty and enough thickness 
steel can be used only in a part and the vicinity in which 
the row of rack teeth is formed, the light and low-priced hollow 
rack shaft can be manufactured. 

Third Embodiment 

[0041] Figs. 19a and 19b are respectively a top view and 
a side view respectively showing a workpiece 1 used in a third 
embodiment. The workpiece 1 is one substantially rectangular 
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plate as a whole and is similar to the workpiece in the first 
and second embodiments about the point that the workpiece 1 
in the third embodiment also has an area Al in which a row 
of rack teeth is formed, areas A2 in which no row of rack teeth 
is formed and a transition area X. However, in the third 
embodiment, the area A2 further has a wide partial area Bl, 
a partial area B2 narrower than the area Bl by d2 on one side 
and a transition area Y. 

[0042] A large load is applied to the vicinity of the row 
of rack teeth of a rack shaft, while a very large load is not 
applied to a part apart from the row of rack teeth. Therefore, 
the diameter in this part of the rack shaft can be much smaller 
than the present. Accordingly, in the third embodiment, the 
diameter of a part of the completed rack shaft is reduced by 
narrowing the width of a part of the workpiece 1, that is, 
the width of the partial area B2 and the weight is reduced. 
[0043] Figs. 20a to 20d are respectively a front sectional 
view showing the workpiece 1 after the first process, a 
sectional view on line B-B, a sectional view on line C-C and 
a sectional view on line D-D. In the first process, the 
workpiece 1 is bent into a gutter-like shape having a U-shaped 
section as a whole. As in the first and second embodiments, 
each section has a pair of legs le, a flat bottom 1c in the 
area Al and a round bottom lb in the area A2 . However, as 
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different from the first and second embodiments, the U-shaped 
sections which have different size are formed in the partial 
areas Bl and B2 in the area A2 . In the transition area Y , 
the size of U-shaped sections varies by degrees. 1 
[0044] Figs. 21a and 21b are respectively a front sectional 
view showing the workpiece 1 after a second process in the 
third embodiment and a sectional view on line B-B. In the 
second process, as in the first and second embodiments, a row 
of rack teeth Id is formed at a flat bottom lc of the workpiece 
1 . 

[0045] In the third process, the hollow cylindrical 
workpiece 1 is acquired by bending a pair of legs le so that 
they are joined. Figs. 22a to 22d are respectively a front 
sectional view showing the workpiece 1 formed in the shape 
of a hollow cylinder, a sectional view on line B-B, a sectional 
view on line C-C and a sectional view on line D-D. The outside 
diameter in the sectional views on lines B-B and C-C is Dr 
and the outside diameter in the sectional view on line D-D 
is Dt that is shorter than Dr. The whole is lightened without 
the effect on the strength of the rack shaft by reducing the 
outside diameter in. the partial area B2 as described above. 
[0046] Afterward, the joined parts of the workpiece 1 
substantially having the shape of the rack shaft are welded 
if necessary, the workpiece is finished by machining, the 
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carburizing quenching of the row of rack teeth and the other 
location and grinding and is shipped as a hollow rack shaft. 
[0047] In the third embodiment, the whole is lightened 
without the effect on the strength of the rack shaft by reducing 
the outside diameter in the partial area B2 as described above. 
[0048] Although only preferred embodiments are 
specifically illustrated and described herein, it will be 
appreciated that many modifications and variations of the 
present invention are possible in light of the above teachings 
and within the purview of the appended claims wi thout departing 
from the spirit and intended scope of the invention. 
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